A new strain of influenza A virus (novel influenza A H1N1) that originated in swine has rapid ly spread from the initial outbreak in Mexico and the southern United States to Canada and many countries in Europe and Asia. Consequently, the World Health Organization raised the level of alert for an influenza pandemic to 5 on Apr. 29, 2009. 1 Because many infected people are young, 2 the care of pregnant and lactating women is a concern. [3] [4] [5] [6] According to the US Centers for Disease Control and Prevention, the novel H1N1 influenza virus is susceptible to oseltamivir and zanamivir, neuraminidase-inhibitor antiviral medications, which target the early phase of the infection. However, this strain is resistant to adamantanes, such as amantadine and rimantadine. 7 The Centers for Disease Control and Prevention currently recommend antiviral treatment and chemoprophylaxis with either oseltamivir or zanamivir against novel H1N1 influenza for people at high risk of complications, including pregnant women. 3, 4, 8 In this report, we summarize information about the safety of neuraminidase inhibitors for treatment of novel H1N1 influenza in pregnant and breastfeeding women. Although the information about drug safety in this report is also applicable to seasonal influenza and future pandemics, the management strategy presented in this article is specific to novel H1N1 influenza.
Evidence
We performed a literature search to identify reports of the use of oseltamivir or zanamivir during pregnancy, lactation and breastfeeding using MEDLINE (1950 to week 2 of May 2009) and EMBASE (1980 to week 19 of 2009) databases through the OVID system. The search terms were pregnancy, breastfeeding, human milk, lactation, influenza, oseltamivir, and zanamivir, or their various combinations. Relevant information was also gathered through the network of teratogen information services in Japan, where the use of oseltamivir and zanamivir for patients with confirmed influenza was relatively common even before the current pandemic. 9
Influenza-related complications Pregnancy
Little is known about whether influenza viruses are transmitted to the fetus through the placenta, although this class of viruses is not considered to be teratogenic in humans. Ács and colleagues 10 suggested indirect teratogenic effects of maternal influenza during pregnancy, possibly because of high fever, based on 1 case-control study and the known effects of hyperthermia, which is associated with an increased incidence of neural tube defects. 11 The risk of morbidity from seasonal influenza is higher among pregnant women, 12, 13 especially in the third trimester, than among nonpregnant and postpartum women. 12 This is consistent with increased mortality among pregnant women during past influenza pandemics. 14, 15 Although the novel H1N1 influenza virus may not be as virulent as anticipated, the increased risk of complications during pregnancy should be taken into account when caring for affected patients. 
Safety of neuraminidase inhibitors against novel influenza A (H1N1) in pregnant and breastfeeding women
• Pregnant women and infants are at high risk of influenzarelated complications. • Limited data suggest that oseltamivir is not a major human teratogen. • Because of more data about its safety in pregnancy, the use of oseltamaivir is preferred over zanamavir during pregnancy. • Oseltamivir and zanamivir are considered to be compatible with breastfeeding.
women. Of the 13 women for whom sufficient data were available, 3 were admitted to hospital; 1 of these patients died of respiratory complications. This patient was started on oseltamivir therapy 1 week after acute respiratory distress developed. 6 At present, the groups at high risk of influenzarelated complications from the novel H1N1 influenza are the same as those for seasonal influenza. These groups include, but are not limited to, pregnant women and children aged 5 years or less. 8
Lactation
Whether influenza viruses are passed into human milk is not known; however, respiratory droplets are likely to be the main mode of viral transmission. Because of the anti-infective benefits of human milk for infants, continuation of breastfeeding is recommended even if the mother is receiving treatment for novel H1N1 influenza infection. [3] [4] [5] 
Pharmacotherapy
The Centers for Disease Control and Prevention recommendation 8 during the current pandemic is that drug treatment and chemoprophylaxis be considered, along with other public health measures, for patients at high risk of complications, including pregnant women and infants. Recent meta-analyses have suggested that oseltamivir and zanamivir may be modestly effective in alleviating symptoms of seasonal influenza in otherwise healthy adults 16 and children. 17 Routine use of these drugs is discouraged for patients at low-risk of complications from seasonal influenza, although these neuraminidase inhibitors are capable of reducing withinhousehold spread of the disease, nasal viral load and lower respiratory tract complications. 16 Data about the effectiveness of these drugs in high-risk populations, specifically during the current pandemic, are limited.
Oseltamivir
Oseltamivir is a prodrug that is hydrolyzed by the liver to its active metabolite, oseltamivir carboxylate, with an elim-ination half-life of about 6-10 hours. 18 The therapeutic oral dosage for influenza, including novel H1N1 influenza, for adults is 75 mg taken twice daily for 5 days, starting within 48 hours of the initial symptoms to capture the early phase of viral replication. For chemoprophylaxis, the recommended dosage is 75 mg taken once daily for 10 days after exposure. 8 Therapeutic and prophylactic dosing schedules for children are similar (about 2 mg/kg twice a day for 5 days for treatment, and 2 mg/kg once a day for 10 days for prophylaxis). 8 Pregnancy A study using an ex vivo human placenta model showed that oseltamivir was extensively metabolized by the placenta. 19 Transplacental transfer of the metabolite was incomplete with minimal accumulation on the fetal side. 19 In postmarketing surveillance, 61 pregnant women who were exposed to oseltamivir with unknown timing were reported by the manufacturer. 20 Among these pregnancies, there were 10 abortions, including 6 therapeutic terminations, and 1 case each of trisomy 21 and anencephaly. 20 These findings are consistent with data from 2 Japanese teratogen information services (Toranomon Hospital, 21 and Japan Drug Information Institute in Pregnancy, National Center for Child Health and Development, Tokyo, Japan), which prospectively followed 90 pregnant women who took therapeutic doses of oseltamivir (75 mg twice a day for up to 5 days) during the first trimester (Table 1 ). In these 90 cases, there was 1 malformation (1.1%), which is within the incidence of major malformations in general population (1%-3%).
Lactation
Wentges-van Holthe and colleagues 22 reported the case of a lactating woman who received oseltamivir (75 mg twice daily for 5 days). The maximum milk concentrations of oseltamivir and its active metabolite were 38.2 ng/mL and 39.5 ng/mL (equivalent to 43.4 ng/mL of oseltamivir), respectively. The authors estimated that the infant would have been exposed to milk containing a maximum of 81.6 ng/mL oseltamivir- No. of infants with a major malformation 1 † 0 *n = 42 (women exposed between gestational week 4 and 7 who had a live birth). †Ventricular septal defect.
equivalents, which corresponds to 0.012 mg/kg per day. 22 This is much smaller than the pediatric doses (2-4 mg/kg per day).
Zanamivir
Zanamivir is administered by inhalation with a dry powder inhaler. The bioavailability of the drug is 10%-20% by inhalation, compared with 2% by oral administration. About 90% of the absorbed dose is excreted unchanged in the urine. The elimination half-life in serum of zanamivir is between 2.5 and 5.1 hours. 23 The therapeutic dose is 10 mg inhaled twice daily for 5 days starting within 48 hours of the initial symptoms. For chemoprophylaxis, the dose is once daily for 10 days after exposure. 7, 8 The recommended doses for children are the same. 8 Because zanamivir therapy requires the patient to voluntarily inhale through the device, oseltamivir may be preferred over zanamivir for young children.
Pregnancy
Three pregnant women were accidentally exposed to zanamivir during clinical trials. 24 Among these women, 1 pregnancy was spontaneously miscarried, 1 pregnancy was terminated, and 1 woman delivered a healthy baby. 24 The Japan Drug Information Institute in Pregnancy has information about 1 woman who took zanamivir at 4 weeks of gestation and delivered a healthy baby at term.
Lactation
A peak concentration of zanamivir in the serum after a 10 mg oral-inhalation dose ranges from 34 to 96 ng/mL. 23 Assuming a maternal serum concentration of 100 ng/mL, a milk-toplasma ratio of 1.0 and an intake of milk of 150 mL/kg per day, the maximum amount of zanamivir that a 5 kg infant would ingest would be about 0.075 mg/day, which is much lower than the recommended prophylactic dosage for children of 10 mg/day inhalation.
Vaccine
The seasonal influenza vaccine does not appear to provide protection against novel H1N1 influenza. 25 Currently no vaccine for novel H1N1 influenza exists. However, vaccination for seasonal influenza should continue because of higher morbidity among pregnant women and possible concurrent epidemics with novel H1N1 influenza. 26 Once developed, it is unlikely that an inactivated vaccine against novel H1N1 influenza would be contraindicated for pregnant and lactating women, similar to regular influenza vaccines. 27, 28 
Discussion
Pregnant women, especially those in the late stages of pregnancy, are at high risk of complications from influenza, including novel H1N1 influenza. Although the data are limited, this should be considered during the current novel H1N1 influenza pandemic. If treatment or chemoprophylaxis is required for pregnant women during the current pandemic, oseltamivir appears to be the drug of choice because there are more data on its safety in pregnancy. The data suggest that oseltamivir is not a major teratogen for humans. Zanamivir may also be used, but there are less data available about its safety for pregnant women.
Both oseltamivir and zanamivir are considered to be compatible with breastfeeding. Continuation of breastfeeding by a woman taking these medications is unlikely to lead to substantial drug exposure by the infant. Adjustment of dose because of breastfeeding is not necessary. If mother-infant contact is clinically allowed, breastfeeding during oseltamivir or zanamivir treatment is acceptable. If an infant being breastfed by the mother receiving oseltamivir or zanamivir needs direct treatment or chemoprophylaxis, the recommended dose of oseltamivir or zanamivir for infants should be given. Therapy should start within 48 hours of the initial symptoms.
Prospective data collection with robust follow-up should continue for both oseltmivir and zanamivir. 
